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Fully planarized dual damascene metallization using copper line interconnect and selective 
CVD aluminium plug 



(57) The present invention generally provides a 
metallization process for forming a highly integrated 
interconnect. More particularly, the present Invention 
provides a dual damascene interconnect module that 
incorporates selective chemical vapor deposition alu- 
minium (CVD Al) via fill with a metal wire, preferably 
copper, formed within a barrier layer. The invention pro- 
vides the advantages of having copper wires with lower 
resistivity (greater conductivity) and greater electromi- 
gration resistance than aluminium, a barrier layer 
between the copper wire and the surrounding dielectric 
material, void-free, sub-half micron selective CVD Al via 
plugs, and a reduced number of process steps to 
achieve such integration. 
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Description 



nal only on exposed nucleation surfaces as provkied on the substrate surface. SelectiS CvS ves the dejo^^^^^^^ 
'5 of a film layer upor, contact of a component of the chemical vapor with a conductive substrate Z ™n?nr^ 
ates on such substrate creating a metal surface on which further^deposition pr^ee^s ' 

Selective CVD metal deposition is based on the fact that the decomposition of a CVD metal precursor oas ..«Maii„ 
requires a source of electrons from a conductive nucleation film. In accoSance with a inventSa^s^S CVD m£ 
deposition process, the metal should grow in the bottom of an aperture where ithe^a mS f«m JTrJ^ 

trie field and aperture walls, and supply the electroris needed for decomposition of the metal oreLTr^c »1 ,ht 
Elemental aluminum (Al) and its alloys have been the traditional metals used to form lines and oluas in spmirnn 

"rir^St'rpTo"^^^^^^^^^ 
;srp^:rt::;;rwraT^^^^^^^ 

r^oCrrd^irs^^^ 

Diatino «t^i!!rS!m>^ '^"^ '^"^'"^ ^'^ ^"^'^''^ P**^^"^ ~PP«^ interconnects, including selective electroless 
p at no r^ '^^^^^^^^^ ""'^H '^"^^'^^^ 'O" etching and lift off pr^essing. E^otsl 

Selective chemical vapor deposition typically involves the decomposition of a metal precursor gas on an electricallv 
conductKig surface. However, a reliable process for selective CVD copper is not availaWe ' 
High temperature reactive ion etching (RIE), or sputter etching, has also been used to pattern a coooer laver Fur 

? release layer to leave a planar surface having a copper feature famed therein 

.K ^.TUT ^ "^eta" •^'""9 of copper comprises the patterning and etching of a trouah and/or contact 

within a thick layer Of insulating material, such as SiO^. Thereafter, a thin layer of a barrier rnet^sSch ^ T o^ 
Tin. may be provKied on top of the insulating layer and within the trough anior cental trart as a dwlSn ba^i^r to 
• ZZ '"'^^-^trr " *° '^^^^"^y deposited into the silicon anJ^^J^een such 

' Afterbarnermetaldepos.tidn.alayerofcopperisdepositedtoco,Tpletelyfillthetrench metal and oxide. 

Desprte the availability of these techniques, there remains a need for a copper metallization process for fabricatino 

I'n hTasS'L 'r " ''^'"^ interconnects^'must pr^^v^dTee v^J p^,^^^^^^^^^ 

in high aspect ratio. sub<,uarter miaon wide apertures for forming contacts and vias. Furthermore, there is a ne^ fo^ 
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Lsi^ab?p',o hi'?' ' ^^"'^"'^"-"y improved electromigration resistance I. would be 

tZTJ u Z K """^^^^ '"^"'""9 S'^PS '° to''" '"etal PluQS in the vias and w res"n the 

trenches. .. would be further desirable if the process could achieve all this without the use of metal e^chTechniquls 

H,.., dl"'"'""' ^ ^ damascene interconnect in a dielectric layer havino 

It ^ ''^ •^^^ « "0°^ ^'^Posing a deposition enhanSTi ai The 

method -ncludes selective chemical vapor deposition of a conductive metal, preferably alum num on .hTSsil^n 
enhanang material of the v,a floor to form a plug in the via. A barrier layer is then deposL over the elose^ surfaces 

■ r: k"" ''^ ''^^^'^^ ^"^ d'^le^W^ layers are planarized suchVs by chemTa 

mechanical polishing, to define a conductive wire. ea. sucn as oy chemical 

o.i.io^"?r °* '^^ ^ "^^'^"^ °' '"^"^'"Q « ^"3' damascene interconnect module over a deo- 

os-tion enhancing material. This method further includes the steps of forming a dielectric layer ovS he depostn 

T,.l?uZ '"''"^ ^'"'^'"^ ''''' '° '^^"^ « ^^'^ ^^'^^'^'^^ -a and wire definLn wherein h 

via has a floor exposing a deposition enhancing material. Where a substrate does not already have a layerof aTepo 
s. tion enhancing material, this layer may be provkled prior to forming the dielectric layer. Furthern^re a mul level metal 
interconnect may be formed in accordance with the invention by depositing a subsequent barrier layerra deooS^ln 

So that the manner in which the above recited features, advantages and objects of the present invention arP 
attained can be understood in detail, a more particular description of the invention. Lefly sula ?i a^^^^^^ 
had by reference to the embodiments thereof which are illustrated in the appended drawings 

thereto? noUo be?onl?r.^V'r f ^ """^ T'''"'^' '"^■'^^'^^ of this invention and are 

FiourS A throuah i pt . T ""^^ '° ^"^"^ ''"^^'^ embodiments. 

Figures 1 A through 1 E show a dual damascene via and wire definition and steps for providing a metal interconnect 
in accordance with a first embodiment of the present invention. interconnect 

Figures 2A tlirough 2F show a dual damascene via and wire definition and steps for providing a metal interconnect 
in accordance with a second embodiment of the present invention P » a' 9 a meiai interconnect 

inventor ^ '"''^''"^ '""'"'"'"^ '^""'^"'"^ •^e»«"ization in accordance with the present 

oratJJstr'^cTre'iT^J'.^ ^" '"'^^^'^^-^^ a highly inte- 

g rated structure which has a reduced interconnect resistance and improved electromigration performance IVIore oartic- 

d Zt onTvoTLr^^^^^^^^^^^^ '^"""'"^ '^^^ incorporates selective chemica X 

depos tion (CVD) metal fill of the via with a copper wire formed on a barrier layer The present invention provides the 

ncelfal^lirr ?aT" ^ '^'^"^'^''^ electromigrato^ es st 

^uh hlif m> I J ' .wn'"' '°PP^^ ^'^^ ^"^ surrounding dielectric material (3) void-free 

sub-half micron selective CVD metal via plugs, and (4) a reduced number of process steps 

Via pLltrSa PV^Cut?™ If? ^""^ ^"^^ ^^'e^ence to a selective CVD Al process for forming 

Tocises Ich as Pvn'^^^^^^^ 'orming wires. However, other selective CVD metal processes and other PVD metal 
processes, such as PVD Al/Cu, may be used to accomplish the advantages of the present invention 

tivitv and orS^r'll'p^' ' ^"'''"^ ^''^'^'^ ^^'"ascene interconnects having lower resis- 

electromigration resistance. The method utilizes a dual damascene via and wire definition etched into 

laln^J^ZmTT ""'T", ^' definitions are then given a 

a wal'pvS AM.Tr ^^""^^ '^'^'"'^ ^"^^ «<«rti°"al step of depositing 

P^D Al Zl d^!3 . ""P"'^ ^'^'^^''^ P™^ '° '^''^i"^ 't^^ barrier ^er. The warm 

PVD M is dtXhT?n 'h ' 'T''"'"'" ^''"'"^ "^"^ ' P^^'^^^'^y «han about 250»C. Warm 

the die ed? u?aci Th^^n^^^^^^ """^^ ' °* "'^^^^^^'^ ''^^ ^' ^»«P ^^^^'^^ nodules on 

dlnnc! !?k! f ,f ! ^^'l^' incorporated into a thin planarized metal layer to assure that the subsequently 
deposited barrier layer will be uniformly deposited with no void or gaps through which the copper can diffuse. 

To form an 10 structure in accordance with the present invention, a dielectric layer is formed by conventional tech- 
t^th c^'^s^fTsfrll^ materia, formed on a substrate. The dielectric layer may be aslhick as Ibo^ tie 

Tnv H . ^ metallization layer since a dual damascene via and wire definition will be etched therethrough 

oriet Sel^ Thl' ^ i!!)'^ 'r^'''' °^ '° '^'^"'^^^^^^ "^^ -thin the scope of ?he 

iln^ ^ZT . " "^^ ''"'^""^ '"^ '""^'"^ ''ePOsit'o" enhancing material but the pre- 

ferred deposition enhancing materials include conductive metals and doped silicon 

lectrictriVLmrn ^J^^^V^' ' diagram of a layered structure 10 is shown including a die- 

lectric layer 16 formed over a deposition enhancing layer 14. preferably an electrically conducting member or layer The 
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lectric^vXTsT/iT ^'«9^am of dual damascene via and wire definition 32 formed in ,he die- 

selective CVD metal process to fill the v^ or d uo ThI nrllf^^ f ,f ? ^. '"^ P'^®"' '° P'°^'^e a 

example, a CVD Al film ca^be formi bv^ht hI^^' v ^^'^'^^'^^ processing is aluminum. For 

..cular'r eaction occ s mu^^ ™tTal^ °' ^^^^'^^ ("D^^AH"). This par- 

.s an electron donor, such as^e sXtoTaTe e^a^^^^^^^^ 'Tl rl' ^ ^"'^"^='"9 '"^'^^'^l 

tain measure of control or seSiv^c^rwhe^ a Jh^^^^^^^ " ^'^'^'^^^ ^ 

su.aces that are conductive and si^::;?;^h^:rnLn^^^^^^^ ^'^^^'"^ ^ ^^'^^ 

6(CH3)2A/ • H + 3H2 6A/ + 12CH4 



or 



50 



55 



(CH3)2 A/ . H ^ A/ + 2 TMA (trimethyl aluminum) + 

conJuctin'g via f 10^30 eZe^a much ^^^^^^^^^^ tT'^^ ''^'^^-^ 

.ion is determined by theTepo^rraTe aTdura^on '^'^ °* '"^^ ^^'^^'^^ 

.he wl^Zitl^'riJe b'a^tTa;^^^^^^ - - -"s and floor of 
The process used n^y be P^D " ^VD Z t.2Z'X:^'TS' ""'T ''"^^'""^ " '^"'^'""^ "''^'^^ 

^e^-yofthealuminump.ugta.ltisprefe?e:TS;:r^^^^^^^^^^ 
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400 Angstroms (A), most preferably about 200 A. 

,..JlT''lr^ f'^"'^ ' °' " P''^'''^' ^^POS"«^ °^er the barrier layer 20 to fill the wire definition 38 

isning (CMP). During the planarizafion process, portions-of the copper 22. barrier material 20 and dielectrir ^p.Zo 

of 2irT I ' ''''''' °* '"^•'^^d ^«^<^'bed above may further compnse the step 

of physical vapor depos-tmg a thin layer of aluminum over the exposed surfaces of the plug and wle d^iSn prionS 

TZ ""^^^^ °' '"^^ ''^^ ^ '-^ ^-^^o'*^ o-e^ noduliLmronte rrfa^^^^^^ of 
the wire definition so that the barrier layer will be uniform and continuous 

aspect Of the invention is vastly similar to the proceS fi st desSibId JZith h. l 

depositing a PVD Al layer 42 between the CVd'ai pTg Ts andThXrl^C 20 °' " '"^"""''^^^ ^^^^ °' 

optio'n^rPVD AHayt P?D Cu is th^J^^^^^ " ''"^ "'^'^^''^ '""^''^ ^^^r the 

laverfl^ t?""' '''M,''* ^ ^n^'andng'materiaUs hen diosS overTheSari^^ 

When the Ss? barHeMaT hS t° ''T' 'Z''' '''''''' """^^^^ '° « rJ^JilevefrJSu . 

The methods of the present invention is preferably carried out in an integrated cluster tool that has been oroarained 
to process a substrate accordingly Referring to Figure 3, a schematic diagL of an eLmpry ^ W 

siraie 10 a i»a/iti PVD A/ chamber 84 v*eie deposmon ol warm aluminum planarijes the mMules 

While the foregoing is directed to the preferred embodiment of the present invention, other and ether embodiments 
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Cfaims 

5 

1 . A method of forming a dual damascene interconnect in a dielectric layer having a dual damascene via and wire def - 
.n,t.on, where.n the via has a floor exposing a deposition enhancing material, the method co^i^rng th^^s o,' 

. . S ftr^rXZ!^^^^^^^^^^ ' ^"^"^^^ - -^-^"9 -teria, of the 

jb) depositing a barrier layer over the exposed surfaces of the plug and dielectric wire definition 
c depositing a second conductive metal over the barrier layer to fill the wire definition- and ' 
(d) planarizing the second conductive metal, barrier'aiid dielectric layers to define a conductive wire. 

" ^' turesTh'^if."^""*^ ' ■ '^'^ "'^"^ '^^"^ "'PP*^' 

3. A method as claimed in claim 1 or claim 2. wherein the first conductive metal is aluminium. 

^o 4. A method of forming a dual damascene interconnect in a^dielectric layer having a dual damascene via and wire def- 
inition, wherein the via has a floor exposing a deposition enhancing materia), the method comprising the steps of: 

(a) selectively chemical vapor depositing aluminium on the deposition enhancing material of the via floor to 
form a plug in the Via; 

25 f^^^*'^^'^, "f^P^' * Of aluminium over the exposed surfaces of the plug and wire defini- 

(c) depositing a barrier layer over the aluminium layer; 

(d) depositing a conductive metal over the ban-ier layer to fill the vnre definition- and 

(e) planarizing the conductive metal; barriiBr, aluminium and dielectric layers to'define a conductive wire. 

^' theTS.'^ Claimed in claim 4; wherein the coriductive metal is selected from copper, aluminum and mixtures 

35 ^' co!I^Sg°the Ss of'*''^' "^^^"^ interconnect module over a deposition enhancing material, the method 

(a) forming a dielectric layer over the deposition enhancing material- 

(b) etching the dielectric layer to form a dual damascene via and wire definition, wherein the via has a floor 
exposing a deposition enhancing material; 

(c) selectively chemical vapor depositing a conductive material oh the deposition enhancing material of the via 
floor to form a plug in the via; 

(d) depositing a barrier layer over the exposed surfaces of the plug and wire definition* 

(e) physical vapor depositing copper over the barrier layer to fill the wire def inrtion- and 

(f) planarizing the copper, bamer and dielectric layers to define a conductive wire 

^' i^aTSing"^""^ ^"^ °' ^ *° ®' ^^'^'''^^^ °' planarizing is performed by chemical mechan- 

8. A method as claimed in claim 6. wherein the conductive material is aluminium: 

9. A method of forming a dual damascene interconnect module, the method comprising the steps of: 

(a) forming a dielectric layer over a deposition enhancing material- 

(b) etching the dielectric layer to fOrm a dual damascene via and wire definition, wherein the via has a floor 
exposing the deposition enhancing material; 

toJmtSn t?e'vt^' ^^Positinfl aluminium on the deposition enhancing material of the via floor to 
(d) physical vapor depositing a thin layer of aluminium over the exposed surfaces of the plug and wire defini- 
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tion; 



(e) depositing a barrier layer over the aluminium layer' 

(f) physical vapor depositing copper over the barrier layer to fill the wire definition- and 

(g) planarizing the upper surface of the structure, to define a conductive wire. 

p'roTers^g^ystr °" °' "^'"^ ' '° ^^^^ ^ P-'°-ed in an integrated 

and alniO Jox^s^^^^^^^^ '^"'^"^ '^op^ silicon. aJm,n,um 

1 3. A method of forming a multilevel metal interconnect, the method comprising the steps of: 
(a) providing a layer of a deposition enhancing material on a workpiece- 

Ih? fn'^'f f "° '^r' '^^ ^"^^ '^y*' ^«P°«*«°" ^"f'ancing material 

SpotnTa ^::^s^^zr — • - - - ^ 

JollXg in tSet"' °" -'--^"9 materia, of the via floor ,o 

(e) ^physical vapor depositing a thin layer of aluminium over the exposed surfaces of the plug and wire def ini- 

(f) depositing a first barrier layer over the aluminium layer' 

(g) physical vapor depositing copper over the barrier layer to fill the wire definition- 

h) planari2,ng the copper. barrier. aluminium and dielectric layers to define a conductive wire 

ei^rSe'S^S.'^"'"^ 
0) repeating steps (b) through (h). 

14. A rnethod as claimed in daim 13, further cor^prising the step of applying a passivating layer over the top planarized 



35 



40 



45 



50 



55 



7 



EP 0 851 483 A2 



FIG. lA 



FIG. IB 



34 
32 — 



f 



- M 



JO 
38 











.18- 





— 16 



FIG. IC 



20 
38 ( 



18- 



10 



— 76 



HG. ID 



10 




FIG. IE 




10 



— 16 



8 

V 



EP0 851 483 A2 



FIG. 2A 
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(57) The present invention generally provides a 
metallization process for forming a highly integrated 
«nterconn8ct. More particularly, the present invention 
provides a dual damascene interconnect module that 
incorporates selective chemical vapor deposition alu- 
minium (CVD Al) via fill with a metal wire, preferably 
copper, formed within a bamer layer. The invention pro- 
vides the advantages of having copper wires with lower 
resistivity (greater conductivity) and greater electromi- 
gration resistance than aluminium, a barrier layer 
between the copper wire and the surrounding dielectric 
material, void-free, sub-half micron selective CVD Al via 
plugs, and a reduced number of process steps to 
achieve such integration. 



FIG. lA 



FIG. IB 



PIG. IC 



CO 

< 

CO 
CO 

IT) 
CO 

o 
a 

LU 



FIO. ID 



ho: IE 



P-fintodoy <efo. mjk^ 6uf.rness i;«f vices 



J9 20 J9 




EP0 851 483 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppMcairon Number 

EP 97 31 0668 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation olaocumeni .vuh miJicaiioo where aopropr.jte. 
ol feievan; passages 



! EP 0 435 388 A (PHILIPS NV) 
j 3 July 1991 ( 1991-07-03) 

* abstract; claims; figures * 

* column 2, line 28 - 1 ine 55 * 

* column 4. line 52 - column 6. line 55 * 

EP 0 558 004 A (SIEMENS AG : IBM (US)) 
1 September 1993 (1993-09-01) 

* abstract; claims; figures * ' / 

* column 4. line 5 -line 42 * 

* column 9. line 1 - column 10. line 52 * 

KAZUO TSUBOUCHI ET AL; "COMPLETE 
PLANARIZATION OF VIA HOLES WITH ALUMINUM 
SY SELECTIVE AND NONSELECTIVE CHEMICAL 
VAPOR DEPOSITION" 
APPLIED PHYSICS LETTERS, 
vol . 57. no. 12, 

17 September 1990 (1990-09-17), pages 
1221-1223. XP000163177 
ISSN: 0003-6951 

* the whole document * 



Relevant 
to Claim 



I1.4.6.7 

19 



1-9.13 



CLASSIFICATION Of THE 
APPLICATION (lni.Cl.6i 



H01L21/768 
H01L21/285 



4.9.13 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED <lnt.CI.6) 



HOIL 



Ptact ol If tich 

BERLIN 



D«it ol eomplfftton ot iht M4ich 

25 August 1999 



Hamdani , F 



CATEGORY OF CITED DOCUMENTS 

X particulAfty r«lovant takffn ilon« 

Y particularly raiavar^t if combtrwd with anoth«r 

documoni oi tho samo'catagory 
A technological bacltgrourtd 
O ■ fwn-writtan discibturt 
P tnttrfn»<l)ata document 



T theory or pnfKipte undoriyir^ ihe invention 
E aarlier paltni document, but published on. or 

aner the filing date 
0 documerrt cited m the application 
L document ciled (or other reasons 

A member of the same patent family, correspondina 
<iOcunwn! 



OMfinrtrtrv nMiaiMA<« i >. 



2 



EP 0 851 483 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO 



iP 97 31 0668 



r.. F...p.no P..n, 0«.c .V .... .V ..... pan.cu..s w.V. n,.«,g..n ... p..po.. 

25-08-1999 



Pateni (jocunienr 
citpfi in search repcrt 



Puodcation 



EP 0435388 



Paient (aniiiy 



03 te 



03-07-1991 



US 4987099 A 

OE 69025886 0 

OE 69025886 T 

JP 4030426 A 



22-01-1991 
18-04-1996 

02- 10-1996 

03- 02-1992 



EP 0558004 



01-09-1993 



US 
AT 
CN 
DE 
DE 
HK 
JP 
KR 



5262354 
159615 

1076547 
69314679 
69314679 

1001601 

6084826 



9706973 8 



16-11-1993 
15-11-1997 
22-09-1993 
27-11-1997 
02-04-1998 
26-06-1998 
25-03-1994 
01-05-1997 




w For more details about th.s annex : see Offtoiat Journal of the Eurooean Patent Office. No. i 



2/82 



3 



